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Abstract:  The Precambrian carbonates of the Khyber Formation are evaluated in terms of their petrographic, 
geochemical and physico-mechanical properties for assessing their suitability as an aggregate source both in asphalt 
and concrete works. The Khyber Formation is extensively exposed in the eastern and central parts of the district 
Khyber, Khyber Pakhtunkhwa. The limestone units of the Khyber Formation dominantly comprise calcite (CaCO3   
;94-98%) with minor to trace concentration of dolomite, undeformed quartz and ores. The limestone of the Khyber 
Formation is classified as Algal laminated micritic mudstone. It is light to dark-grey, hard, compact, and thin to 
medium bedded and at places thick-bedded. The algal stromatolites and laminations are common. The stylolites, 
calcite-filled veins and neomorphism are the common diagenetic modifications in these carbonates. The limestone of 
the Khyber Formation is composed of 54-58.4 wt. % CaO, 0.5-0.9 wt. % MgO and based on a 0.02-0.22 wt. % 
combined values of K2O and Na2O, it is classified as low to high alkali limestone. Massive outcrops of dolomitized-
limestone have also been identified sporadically along the exposed outcrops of the Khyber Formation e.g. in Besai area 
and along Khyber Pass. The petrographic and chemical investigations show that the limestone units of the Khyber 
Formation are innocuous in terms of Alkali Silica Reactivity (ASR) and Alkali Carbonate Reactivity (ACR). However, 
the dolomitized horizons must be avoided, owing to its ACR potential while selecting a quarry site for aggregate 
extraction. The physical properties of the limestone units of the Khyber Formation as an aggregate material (i.e. 
soundness, water absorption, Los Angles abrasion, specific gravity and unconfined compressive strength) are in 
accordance with the ASTM standards. The petrographic, geochemical and geotechnical details of the limestone units in 
Khyber Formation approve their suitability as an aggregate source in both concrete and asphalt construction works. 
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Introduction  
The importance of locating appropriate aggregate sources 
near the construction sites can’t be denied, as it affects the 
strength, durability and cost of the civil structures. The 
aggregate, if it contains certain constituents, may react with 
the alkali hydroxides in the cement and may cause 
considerable expansion over time. This expansion may 
considerably reduce the durability and strength of the civil 
structure. The reactions involving alkali in cement and 
deleterious components in aggregate is of two types i.e. 1) 
Alkali-silica reaction (ASR) and 2) Alkali-carbonate 
reaction (ACR, also known as alkali-carbonate rock 
reaction). Among these two, the ASR is more common as 
aggregates containing ASR prone constituents i.e. reactive 
silica minerals are naturally common (Farny, 1996). 
The suitability of an aggregate source in construction 
works can be better evaluated through its petrographic, 
geochemical and physicochemical investigations 
(Berube and Fournier, 1993). This study thus uses 
these techniques to evaluate the aggregate potential of 
the carbonates units in the Khyber Formation exposed 
in the study area. 
Geology of Study Area 
Tectonically, the Khyber area lies at the junction of 
two major tectonic zones of northern Pakistan;  
(i) Northwest Himalayan fold and thrust belt (ii) 
Himalayan Crystalline Nappe and Thrust Belt. 
The Khyber Ranges are a part of the Khyber Lower 
Hazara metasedimentary fold and thrust belt (Fig. 1). 
This thrust belt lies towards the north of Khairabad-
Panjal Thrust and extends eastward from Khyber Pass 
region to Garhi Habibullah. The Khyber-Hazara 
metasedimentary Belt is largely composed of 
Precambrian to early Mesozoic sediments. The 
Precambrian sequence is mainly comprised of slates 
and phylites with subordinate quartzite and marble, 
which crop out in the southern part of the belt. The 
Khyber-Hazara metasedimentary fold and thrust belt 
have been intruded by mafic dykes, sills and granitic 
rocks of which the extensive Ambela pluton and 
Warsak granite are conspicuous. These intrusive rocks 
range in age from Late Paleozoic to Early Mesozoic. 
This metasedimentary belt is characterized by tight, 
asymmetrical or isoclinal folds imbricated by several 
thrust faults (Shah et al., 1971; Pogue et al., 1992). 
A controversy exists among the researchers regarding 
the stratigraphic set-up and nomenclature of the area 
owing to the complex structural setup of the region and 
non-adequate age control over the rock units (Shah, 
2009). The work of Shah (1969 and 1980) and Khan et 
al. (1989) has been summarized in Table 1. 
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